Background: U.S. seniors' digital health and everyday technology use when their health declines are unknown. Methods: Longitudinal cohort using the National Health and Aging Trends Study, a nationally representative, annually administered sample of community-dwelling Medicare beneficiaries (n = 4,037). We used difference-in-differences to assess the adjusted difference (AD) in technology use from 2011 to 2014 between those with and without health declines. Health decline measures included new-onset dementia; new-onset depression; decreases in activities of daily living (ADLs), short physical performance battery (SPPB), grip strength, and self-reported health; relocation to nursing facility; increased hospitalizations; and new-onset comorbidity. Digital health included use of the Internet to research health conditions, contact clinicians, fill prescriptions, and address insurance matters. Results: Between 2011 and 2014, seniors experiencing health decline used various digital health technologies at low absolute rates (range: 1%-20%). Between 2011 and 2014, use of everyday technology decreased significantly among seniors with new-onset dementia (from 73% to 51%; AD, −26%), decreased ADLs (from 76% to 67%; AD, −10%), decreased SPPB (from 88% to 86%; AD, −3%), and relocation to a nursing facility (from 49% to 22%; AD, −31%) compared to seniors without comparable decline (all p < .05). Use of digital health decreased significantly among seniors with new-onset probable dementia (from 9% to 4%; AD, −6%) and decreased SPPB (from 24% to 25%; AD, −4%; all p < .05). Conclusions: The type of health decline a senior experiences predicts technology use, which may allow better targeting of digital health to specific seniors. Seniors with new dementia, relocation to a nursing home, and declining physical performance seem especially poor candidates for technology interventions.
Medicare Access and CHIP Reauthorization Act of 2015 (MACRA), the Center for Medicare and Medicaid Services requires physicians to interact with patients online, including seniors who might be in declining health (14).
We recently described seniors' use of everyday and digital health technology (15) . However, it is unknown what happens to seniors' use of technology when their health declines and the need for intervention is greatest. Depending on changes in use, policymakers, innovators, designers, researchers, and health system leaders may or may not choose technology-based health interventions for seniors in declining health.
Methods

Study Population and Data Source
The National Health and Aging Trends Study (NHATS) is an annual, longitudinal, nationally representative survey that follows Medicare beneficiaries aged 65 years and older who were initially enrolled in 2011 through in-home, computer-assisted, personal interviews (16) . NHATS employs a complex sampling design drawing from the Medicare enrollment file that oversamples non-Hispanic Blacks and those older than 90. Each year, NHATS asks the same respondents detailed demographic information, performs physical and cognitive testing, and assesses technology use. Proxy respondents-usually a family member-are used in instances where participants cannot respond due to dementia, cognitive impairment, severe illness, or speech impediment. NHATS is supervised by the Johns Hopkins University Bloomberg School of Public Health with data collection and preparation by Westat. NHATS is sponsored by the National Institute on Aging (NIA U01AG032947).
NHATS included 8,077 participants (71% participation rate) who were initially enrolled in 2011 then followed yearly. Subsequent response rates ranged from 85% to 90% (17) . We excluded participants who initially lived in a nursing home in 2011 (n = 468), who died between 2011 and 2014 (n = 1,081), or were lost to followup between 2011 and 2014 (n = 2,491) (17) . We included participants who moved into a nursing home between 2011 and 2014 (2% of participants alive in 2014). The final sample included 4,037 participants.
We obtained sensitive data through a data use agreement that included exact age and detailed race/ethnicity information. We merged both public and sensitive data from 2011 to 2014. The Partners HealthCare Human Research Committee deemed this study exempt from review.
Participant Characteristics and Measures of Cognitive or Physical Health
NHATS contains self-reported information about age, gender, race/ ethnicity, marital status, education, income (with imputation) (18) , census division, cigarette smoking status (current or within the past 20 years), self-reported general health (5-point Likert scale: poor to excellent), comorbidities, activities of daily living (ADLs; total of 6), and whether or not a participant takes prescription medication (detailed medication information not asked). Physical measurements include the short physical performance battery (SPPB; total out of 12) and grip strength in kg (19) . Dementia is measured first with self-and family-report of dementia and then supplemented with the Eight-item Interview to Differentiate Aging and Dementia (AD8 ≥ 2) (20) . Depression is assessed via the Patient Health Questionnaire 2 (PHQ2 ≥ 3) (21). Hospitalizations are self-or proxy-reported.
Declining Health Measures
We constructed eight measures of declining health available in NHATS. Measures of cognitive decline included new-onset probable dementia (change from no probable dementia in 2011 to probable dementia in 2012-2014) and new-onset depression (change from no depression in 2011 to depression in 2012-2014). Measures of physical decline included a 1-point decrease in an individual's ADLs (ie, increasing difficulty undertaking ADLs) (22) , a 1-point decrease on an individual's SPPB (23, 24) , and a 6.5-kg decrease in grip strength (25) . Other measures of decline included any decrease in self-reported general health (26) , relocation to a nursing facility, any new-onset comorbidity, and any increase in number of hospitalizations.
Everyday Technology Use Measures
We defined "everyday technology" as commonly used technology that is not necessarily health care related. Each year participants answered whether they used the following: cell phone, computer, emails/text messages, Internet for any reason other than email, online banking/bill pay, and online personal item shopping (Supplementary  Table 1 for verbatim questions). For descriptive purposes, we considered the aforementioned everyday technologies to have increasing complexity as ordered. We dichotomized everyday technology use into use of any everyday technology modality versus use of zero everyday technology modalities.
Digital Health Technology Measures
We defined "digital health technology" as any technology that is likely related to one's health care. Each year participants answered if they had used the Internet to do any of the following: obtain information about health conditions, contact a clinician, fill/refill prescriptions, or handle Medicare or other health insurance matters (Supplementary Table 1 for verbatim questions). We dichotomized digital health technology use to use of any digital health technology modality versus use of zero digital health technology modalities. Analyses with everyday and digital health technology use as continuous variables did not differ substantively from the dichotomous analyses.
Data Analysis and Statistical Analysis
As required for NHATS, we used weights, strata, and cluster variables to generate nationally representative estimates and confidence intervals (CIs) that account for oversampling, nonresponse, nonparticipation, and repeated measures (16) . We present weighted means and percentages.
We compared demographic characteristics between 2011 and 2014 using complex survey chi-square tests for categorical variables (27) and z-tests for continuous variables (28) . We examined unadjusted rates of technology use in 2014 by measure of decline.
Our interest was in estimating the differences in the probability of technology use from 2011 to 2014 between those with and without health declines, adjusting for potential confounders. We fit additive (linear) probability models of technology use (the dependent variables) (29) (30) (31) . A regression coefficient of an additive probability model can directly be interpreted as differences in the probability of technology use for a one-unit increase in the covariate corresponding to that coefficient. The additive models included an indicator variable for a specific health decline, an indicator for 2011 or 2014 (the pre-or post-decline period), and the interaction of the specific health declines with the pre-or post-decline period. The interaction term directly estimates the difference-in-differences, interpreted as the probability of technology use from 2011 to 2014 in those with health declines versus those without. We fit additive probability models for each type of the nine health declines for both everyday and digital health technology use (18 models). Each model additionally controlled for all of the sociodemographic, functional status, comorbidity, and utilization variables at baseline in Table 1 .
Per our data use agreement, we masked all cells representing fewer than five individuals. We considered two-sided p values of <.05 to be significant. We performed all analyses with the complex sample survey procedures in SAS v9.4 (Cary, NC).
Results
Cohort Characteristics
In 2011, the cohort was 57% female, 81% White, 14% college graduates, and 37% from the South (Table 1; Supplementary  Table 2 ). Between 2011 and 2014, participants were more often widowed (25% vs 30%; p < .01), became poorer (20% vs 69% earned <$15,000; p < .01), self-reported excellent health less often (16% vs 12%; p < .01), and increasingly had dementia (4% vs 8%; p < .01). Their ADLs declined (5.8 vs 5.5; p < .01), SPPB scores declined (7.1 vs 6.6; p < .01), and mean number of yearly hospitalizations increased (0.3 vs 0.4; p < .01).
Everyday and Digital Health Technology Use in 2014 After Health Declines From 2011 to 2014
When seniors' health declined between 2011 and 2014, use of everyday technology was variable ( Figure 1a ). Use rates were in general lower for seniors with new-onset probable dementia, decreased ADLs, and relocation to a nursing facility. As the complexity of everyday technology increased, use decreased. Seniors with physical decline between 2011 and 2014 used digital health infrequently in 2014 ( Figure 1b ). For example, among seniors with decreased ADLs, 8% (95% CI, 5% to 10%) obtained health information, 5% (95% CI, 3% to 7%) contacted a clinician, 4% (95% CI, 2% to 6%) filled prescriptions, and 3% (95% CI, 1% to 4%) handled insurance matters. Seniors with decreased grip strength or SPPB had higher, but still low, use of digital health technology.
Among seniors demonstrating other measures of decline between 2011 and 2014, digital health technology use in 2014 varied (Figure 1b) . Almost no seniors who relocated to a nursing facility used digital health. Among seniors with a decline in general health, 17% (95% CI, 13% to 20%) obtained health information, 10% (95% CI, 7% to 13%) contacted a clinician, 10% (95% CI, 8% to 12%) filled prescriptions digitally, and 7% (95% CI, 5% to 9%) handled insurance online. We observed similar use patterns for seniors with hospitalization increases and new-onset comorbidity.
Changes in Any Everyday Technology Use From 2011 to 2014 With Health Declines
In comparison to the static use rates in 2014 described above, we examined changes in use from 2011 to 2014 with and without health declines.
Of the 5% of seniors with new-onset probable dementia, 73% had used an everyday technology in 2011 (Table 2) . This decreased to 51% in 2014 (adjusted change: −26% [95% CI, −35% to −17%]). The following measures of decline were also associated (Table 3) .
Discussion
Whether seniors significantly reduce their everyday and digital health technology use depends on the type of decline they experience. Seniors with new-onset dementia, decreased SPPB score, and relocation to a nursing facility demonstrated large declines in technology use compared to those without analogous decline. Seniors with other types of decline-decreased grip strength, decreased general health, increased hospitalizations, and new comorbiditiesused technology at rates similar to their peers without comparable declines. This may allow for appropriate targeting of technologybased interventions, although these changes in use should be contextualized: complex everyday and digital health technology reaches few seniors in general (15) .
A plethora of technology tools for seniors moving to a nursing home or with new-onset dementia are marketed to physicians, caregivers, and nursing facilities for use by seniors. Our data suggest these are poor investments. For example, only about 15% of seniors who relocated to a nursing facility used a cell phone, with lower use rates of all other technology. Seniors with particular declines seem unlikely to use tablets, smartphones, or the Internet, let alone communicate via cell phone. In contrast, seniors with a new comorbidity or increased hospitalization may be better candidates for technology-based interventions. We also note that differences in technology use at baseline, prior to observed declines, may point to low baseline technology use as a predictor of incipient health decline. Taken together, our data may help to better target scarce resources toward the most effective interventions.
Our findings raise concern with the prevalent notion that today's technology will improve quality, cost, and safety for seniors in declining health. Large health systems (6) and venture capitalists have announced major investments in digital health for seniors (8) . Intel and GE declared in 2013, "Older populations have adopted technology for health" (7) . Federal policy since 2009 has incentivized digital health, no matter one's age. Yet few scholarly interventions have found meaningful, pragmatic health outcomes at scale (32, 33) .
Lower use rates among seniors with certain health declines may reflect the poor usability of and adherence to current everyday and digital health technologies (34) . Seniors often need high-touch care that present-day technology cannot deliver. Perhaps some digital health may work best through a facilitation process via caregivers. Perhaps the dramatic reduction in seniors' incomes, although controlled for in our analysis, plays a role in low use rates. Other delivery innovations that do not rely on prior acceptance of technology should be tested with equal incentive and investment. Physician house calls (35) , geriatric emergency rooms (36), hospital-level care in the home (37) , community health workers (38) , group visits (39), all-inclusive care (40) , and passive machine-learned monitoring (41, 42) all remain to be thoroughly tested. While further work proceeds on the next generation of low-touch, highly usable, and scalable digital health technology, researchers and health systems should be developing interventions, technology-based or not, that can reach even the most vulnerable senior. To our knowledge, prior work has not examined change in use of technology over time and comes from dissimilar populations. For example, the Pew Research Center found that 58% of seniors (n = 463) search for health information online (43) . Compared to Pew's overall sample, our nationally representative cohort was older, less educated, and more female. Pew's was telephone-based with a 12% response rate; NHATS was in-home with a 71% response rate. It is likely that our measure of digital clinician contact is similar to patient portal use. A study in Northern California of seniors found higher patient portal use (40%-52% depending on age) than the clinician contact rate in our study (17% among those without decline) (44) . A study in Illinois of 55-to 74-year olds similarly found higher patient portal use (about 90%) (45) .
Our study has limitations. First, NHATS is a closed cohort with inception in 2011. More recent cohorts may be progressively different. Second, the four measured digital health modalities in our study may not be representative of the breadth or depth of digital health technology today or in the future. For example, NHATS does not ask about quantified-self tracking or medical app use, although there is low penetration and adherence even in the general population (46) . Notably, the four modalities included in NHATS are tailored to seniors. Third, many survey participants were lost to follow-up or died, although this did not lead to large changes in sample characteristics. Our analyses of changes-over-time were limited to those who were alive and not lost to follow-up in 2014, which biases our results toward increased technology use. Fourth, data were only available over 4 years. Fifth, sample size for some of the measures was small, reducing our ability to detect significant differences in our models. Six, our measures of decline are not all-encompassing despite extensive use in the literature (47, 48) . Accelerometry data, for example, was missing (49) .
There is a mismatch between reality and enthusiasm, investment, and incentives for digital health technology when the population that stands to gain the most, uses the technology little, and even less with certain types of health decline. Present-day digital health technology policies and interventions are unlikely to facilitate benefits for seniors when their health declines. We see a similar trend outside of digital health for complex everyday technologies such as online shopping and banking.
Policymakers should also consider that federal mandates such as MACRA require online interaction between clinician and patient. It may be unfair to penalize clinicians for a characteristic of their patient population and could create a perverse incentive to discourage providers from caring for seniors, as others have found (50) . Similarly, the advent of online insurance exchanges seems poorly suited for seniors, given handling insurance issues online had low use rates. Each model is adjusted for age, race/ethnicity, partner status, education, income, census track, perceived health, cigarette smoking, dementia, depression, medication use, total comorbidities, ADL total, SPPB total, grip strength, and annual number of hospital stays. 
Conclusions
The type of health decline a senior experiences predicts changes in everyday and digital health technology use, which may allow better targeting of technology to seniors. Seniors with new dementia, relocation to a nursing home, and declining physical performance particularly use less technology than their peers without comparable conditions. Future health technology innovations need to improve if we expect seniors to use them, and keep using them, at reasonable rates when their health declines. Only then might digital health have broad reach in improving quality, cost, safety, and health outcomes for seniors.
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